Study Design. Prospective assessment of return to work after low back pain.
Recurrent low back pain (LBP) represents a major challenge for both the medical community as well as for the industrial sector. Recurrence is common with rates as great as 78% within a year of the original documentation of pain. 1 However, more modest recurrence rates are typically reported in most industrial settings. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Recurrence is also associated with substantial monetary costs. MacDonald et al report that the median disability costs associated with recurrent back pain episodes were greater than those for nonrecurrent LBP. 7 A recent analysis of the Washington State Workers' Compensation data indicated that "gradual onset" (chronic) back injuries represent two thirds of the award claims and 60% of lost workdays attributed to back injuries. 13 In addition, analysis of low back related workers' compensation claims in Ohio indicate that 16% of the back injuries accounted for 80% of back injury costs. In-depth evaluations revealed that "these high cost back injuries typically result from reinjury (exacerbation) of an existing condition." 14 Hence, recurrent LBP represents a large and costly problem.
One of the significant problems with interpreting recurrence rates concerns the lack of a standardized definition for recurrence. Some have proposed additional lost work time as a standard definition of recurrence. [15] [16] [17] Others have defined recurrence as reports of an additional claim within a given period of time. 7 Still others report recurrence as a function of pain symptom reports. 17 Hence, the definition of LBP recurrence should play a pivotal role in assessing predictors of recurrent LBP.
The causal mechanisms behind LBPs are thought to be multidimensional, complex, and most likely, interactive, with contributing factors associated with the genetics and physiologic characteristics of the individual, 18 -22 individual conditioning, 23, 24 physical work requirement, 13, [25] [26] [27] psychosocial factors, 28 -32 and biochemical factors. [33] [34] [35] [36] [37] Few LBP reports can be associated with a specific anatomic problem. LBP causality ranges from muscular problems, to structural problems within the spine, to up-regulation of cytokines at a specific site, and often is unknown. Each of these mechanisms may or may not initiate pain and each may have a very different potential for recurrence. Because of the complexity and many potential sources or initiators of pain, it has been difficult to assess predictors of recurrence.
Given the spectrum of factors that might potentially influence LBP recurrence, we are faced with a void in that we do not understand how the mixture of exposures to various factors might influence the risk of LBP recurrence. It is hypothesized that the factors influencing the risk of LBP recurrence may change as a function of the definition of recurrence. Furthermore, we would expect that as the definition of recurrence becomes more restrictive the predictors of recurrence may become more objective. Thus, the goal of the current study was to prospectively monitor workers who had reported a LBP episode as they returned to full duty work and determine, quantitatively, which factors and how much exposure to the contributing factors play a role in predicting LBP recurrence as a function of 4 common definitions of LBP (symptoms, medical visits, lost time, and confirmed lost time) over the course of a 1-year period.
Methods

Approach.
A prospective study was designed to monitor industrial workers over the course of a 1-year period after returning to their full duty jobs following a LBP report. When workers returned to full duty, 5 types of baseline assessments were performed including: 1) a low back kinematic functional assessment, 2) evaluation of the job physical demands, 3) psychosocial assessment of the job environment, 4) self-reported impairment, including perception of symptoms and psychological measures, and 5) personal factors, including anthropometry and LBP history. Workers were monitored for 1-year after their return to full duty work in order to assess recurrence according to 4 different definitions of LBP recurrence consisting of recurrence of symptoms, medical visits, self-reported lost time, and confirmed lost time with company records.
Industry Participation. Forty-one industrial facilities in the Midwestern United States participated in the study. The population of workers represented both manufacturing and service industry jobs. Industries represented in this sample included auto manufacturing, truck manufacturing, metal stamping, material processing, food processing, pharmaceutical processing, printing, health care, construction, appliance manufacturing, lawn equipment manufacturing, and distribution.
Company records were examined in order to identify workrelated LBP cases. A company representative approached the worker with LBP regarding participation in the study. If the worker agreed to participate, a time was scheduled for the research team to visit the plant and collect data about the job, worker, and the work environment.
Subjects.
A total of 206 workers with documented LBP participated in the study. The inclusion criteria consisted of: 1) the worker sought medical care for work-related LBP at the plant medical department or associated medical provider, 2) the worker had experienced time away from their regular duty job due to the LBP, and 3) worker returned to full-duty work. The exclusion criteria were: 1) worker was still on job restrictions or 2) multiple injury sites were in the pain complaint. The average number of lost days for the reported episodes of back pain, within this population, was 12.7 (SD ϭ 43.4).
The NASS questionnaire was used to assess back and leg pain frequency of the subject population over the past week before participating in the study. The baseline questionnaire results indicate that 92% of participants reported at least a little LBP in the past week, 69% experienced at least a little leg pain in the past week, 59% had at least a little numbness in the leg or foot, and 56% reported at least a little weakness in the leg. All participants had been treated with conservative care management (no surgical patients) for their back pain. Baseline summaries of job and other health status measures collected at the time of return to full duty work are reported in Table 1 .
Experimental Design. A prospective study design was used to assess which baseline variables collected at the time workers returned to full-duty work best predicted LBP recurrence. Baselines measures consisted of 5 categories of measures representing individual (personal) factors, self-reported perceptions of impairments and symptoms, quantitative assessments of their kinematic abilities, psychosocial impressions of the workplace, and physical requirements of the workplace. Workers and their employers were contacted a year after they had returned to the workplace to determine who had a recurrence of LBP according to 4 different definitions of LBP.
Baselines Measures. Among the 5 categories of baseline measures assessed in this study, 168 variables were measured. All measures were assessed at the time the worker returned to work full-duty.
Kinematic Functional Assessment.
A kinematic assessment of the lumbar spine was performed using a methodology that compared lumbar range of motion, velocity, and acceleration performance while moving in the 3 cardinal planes as well 5 controlled motions in the sagittal plane. These responses were compared with a normative database of performance controlled for age and gender. This method has been described and validated in the literature. 38 -42 Workplace Physical Demands. The physical demands of the job to which the worker returned were documented via a risk model that included load magnitude and frequency exposure as well as the kinematic demands of the job. 43, 44 The risk model has been also been previously described and validated. Personal Characteristics. A variety of personal attributes were recorded based on assessments of the literature relative to causality. 13 These attributes included gender, age, marital status, race, education, smoking, hours worked, history of previous LBP, overtime, restricted time, lost days, and a host of anthropometric variables.
Self-reported Impairment Scales. Three questionnaires were used to understand the workers perceptions of their impairment and health status. The McGill pain questionnaire 46 was used to measure pain symptoms. Next, the Million Visual Analog Scales (MVAS) 47 was used to measure impairment of activities of daily living. Finally, the SF-36 health survey was used to collect individual factors.
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Psychosocial Factors. Psychosocial factors were evaluated with 3 questionnaires: the Job Content Questionnaire, 49 the NIOSH Generic Job Stress Questionnaire, 50 and the Perceived Stress Scale.
54
Procedure. As workers recovering from LBP returned to their full-duty jobs, they were enrolled into the study. The research study was explained to the worker, and they agreed to participate in the study by signing a consent form approved by the University Institutional Review Board. Questionnaires were administered in a quiet environment and the workers were allowed to ask questions of clarification. Kinematic functional assessments were performed in the same environment and required the subject to interact with a computer while wearing a back monitor per procedures that have been described in the literature previously. 41 Finally, job assessments were performed at the work site using the risk model also previously described and validated. [43] [44] [45] In order to ensure that the job risk measures were not influenced by the kinematic abilities of the worker who had recently experienced LBP, another worker (without a history of LBP) was also used as a test subject in assessing physical job risk.
The average age, height and weight for the healthy controls was 40.7 (11.2) years, 175.8 (8.5) cm, 83.8 (16.7) kg, and for the returning workers 41.8 (10.3) years, 174.4 (8.1) cm, and 84.6 (19.4) kg, respectively. The healthy control group had 78% males, whereas the recently injured workers had 74% males. Table 2 lists the mean and standard deviation of anthropometric characteristics for both groups as well as P-values indicating significant differences. Previously reported analyses indicated that the worker kinematic status had no influence on the estimate of job risk. 51 Workers were given a T-shirt for participating in the study.
LBP Recurrence Definitions.
The outcome measures in this study consisted of 4 different definitions of LBP recurrence. All recurrence definitions were specific to the 1-year follow-up period and related to LBP. These definitions consisted of:
1. LBP symptoms reported by self-reports (most liberal definitions of LBP recurrence). 2. Self-reported visit to a medical facility for LBP (slightly more stringent definition of recurrence). 3. Self-reported lost workdays due to LBP (the next most stringent definition of recurrence). 4. Lost workdays confirmed by the employer and associated with LBP (the most restrictive definition of recurrence).
Statistical Analysis. Several analyses were performed to assess the significance of the variables in identifying recurrence. First, univariate t-tests compared the potential predictor variables between subjects who had a recurrence and those who did not (t-tests for continuous variables, z-test comparison of 2 proportions for 0 -1 [recurrence] variables). Second, Classification using Regression Trees (CART) 52 was used to develop various combinations of variables to predict each recurrence measure. CART is unique and powerful in that it provides a "threshold" or "cut-point" for each continuous variable in the combination variables that best distinguished between recurrence and nonrecurrence cases based on each definition of recurrence. The cut-points from CART were used to dichotomize the continuous predictor variables to use in logistic regression. The third analysis technique used was logistic regression with dichotomous predictors. Univariate logistic regression was performed on variables that were selected by CART. Finally, a multivariate logistic regression model was chosen based on interpretability (variables and direction of effect) and maximum sensitivity and specificity. Sensitivity and specificity were estimated using the n-fold cross-validation procedure in SAS PROC LOGISTIC.
Results
A total of 196 of the original 206 (95%) workers were available for the 1-year follow-up. Recurrent symptoms, the most liberal definition of recurrence, had the highest recurrence rate at 58%, medical visits, the second most liberal definition, had a recurrence rate of 36%. Selfreported lost time, a somewhat restrictive measure of recurrence, had a 15% recurrence rate, and confirmed lost time, the most restrictive measure of recurrence, had a recurrence rate of 10%.
2 pairwise comparison indicated that all recurrence rates were significantly different from one another. Table 3 lists the recurrence rates and illustrates the monotonic decrease in recurrence that occurred as the definition of recurrence became more conservative.
Univariate statistically significant differences between the workers experiencing a recurrence and those who did not experience a recurrence over the 1-year follow-up period are reported in Tables 4 through 8 for measures of personal/anthropometric attributes, symptom and psy- Table 4 indicates that marital status and education are the only statistically significant personal factors that distinguished between recurrence and nonrecurrence for confirmed lost time, whereas overtime, restricted days, and lost days (with P-values of 0.0136, 0.0019, and 0.0020, respectively) were also significant factors for more liberal definitions of recurrence. Second, Table 5 indicates that 10 of 18 subjective symptom questionnaire measures were significantly different for all definitions of recurrence. Third, P-values reported in Table 6 illustrate that confirmed lost time had the highest number (26) of significantly different objective functional assessment measures, whereas the most liberal definition of symptoms had the least. 11 Fourth, Table 7 shows that none of the psychosocial workplace measures yielded statistically significant differences for any of the LBP recurrence definitions. Finally, Table 8 showed that none of the physical workplace measures was significantly different for the most restrictive definition of recurrence (confirmed lost time), whereas 18 of the physical workplace measures were significantly different for the most liberal definition of recurrence (symptoms).
The multiple logistic regression models predicting LBP recurrence based on the various recurrence definitions are shown in Table 9 . This table shows the combination of variables that best distinguish between those patients who experience a LBP recurrence as a function of 4 definitions of LBP recurrence. The values in the table represent the cut-off values for each outcome variable (in combination with other outcome measures), which provides the best distinction between recurrent and nonrecurrent groups. Figure 1 shows an example of how CART was used to identify the combination of variables that distinguishes between LBP recurrences as defined by self-reported lost time. The multiple logistic regression models described in Table 9 were selected based on the best sensitivity and specificity and not on the statistical significance of each factor in the model; thus, some individual factors may not be statically significant but were found to improve sensitivity and specificity. 52 Table 9 indicates that recurrence can be estimated with surprisingly good sensitivity and specificity. In addition, the multivariate models indicate that different variables are important for predicting LBP recurrence as a function of the different definitions. Pain symptoms can be predicted with a sensitivity of 79% and specificity of 73% using a model with 2 self-reported perception of impairment variables, 1 variable from the kinematic functional assessment, physical workplace measures, and psychosocial measures. The medical visit model also uses at least 1 variable from each category of measures to predict recurrence with a sensitivity of 78% and specificity of 74%. The model of lost time relies heavily on a combination of worker's perception of impairment response and 2 quantitative descriptions of the kinematic capacity of the worker and has a sensitivity of 79% and specificity of 78%. The confirmed lost time model had the best balance between sensitivity and specificity both were 80%. The predictive ability of the individual variables that entered into the multiple logistic regression prediction models (Table 9 ) is reported in Table 10 . It is important to acknowledge that some of the variables (e.g., supervisor support), while contributing to the multivariate prediction, were not statistically significant by themselves in the multivariate analyses (Table 9) , however, when evaluated independently of the other predictors they were significant (Table 10) .
Discussion
Originally, it was hypothesized that the factors influencing the risk of LBP recurrence may change as a function of the definition of recurrence and that, as the definition of recurrence becomes more restrictive, the predictors of recurrence may become more quantitative or objective. Several of our findings support the hypothesis. First, the univariate P-values for the objective functional assessment measures show that more than twice as many objective measures were significant for the more restrictive measure of recurrence (confirmed lost time) as compared with the most liberal (pain) recurrence measure. The univariate analyses of symptom reporting (pain perception) and personality measures (Table 5 ) indicated several significant factors for all measures of recurrence; however, the most liberal recurrence measures (reported pain) yielded the greatest number of significant measures. Thus, pain perception and attitudes about low back im- pairment as well as objective functional assessment measures play an important role in predicting recurrence in the univariate analyses. However, the objective functional assessment measures (Table 6 ) play a larger role in predicting the more restrictive definitions of recurrence (i.e., confirmed lost time). Second, when variables were considered collectively in the multivariate prediction models, a complex mix of perceptual impairment, psychophysical, kinematic ability, and physical demand variables were able to predict LBP recurrence. Here again, the combination of variables that best predict recurrence is highly dependent on how one defines LBP recurrence. In the model predicting pain, the most liberal definition of recurrence, a broad mix of all combinations of variable categories (i.e., perceptual, workplace, functional status) was used in the prediction; whereas in the model predicting the more restrictive definition of recurrence, lost time, only the subjective impairment and functional assessment measure categories were useful. Hence, this shift from a broad mix of categories that predict the more liberal definition of recurrence to a model using more objective physical measures also supports our hypothesis.
Third, the hypothesis is supported by the univariate odds ratios shown in Table 10 . The subjective MVAS, which reveals how the worker feels that their LBP is interfering with activities of daily living, appears in all multivariate LBP recurrence models. However, the strength of the prediction (odds ratio) varied depending on the definition of recurrence. The MVAS measure was not particularly discriminating in identifying recurrent LBP, by itself, producing a sensitivity/specificity of 33%/ 94% for recurrence defined by pain, 75%/58% for medical visits, 38%/91% for lost time defined recurrence, and 50%/91% for confirmed lost time defined recurrence. Hence, although it was often useful in rejecting recurrent cases, for many of the recurrence definitions, it was not very useful in identifying those at risk of recurrence. On the other hand, Table 10 indicates that a higher-order kinematic variable (sagittal extension acceleration at 15°left asymmetry) was better able to distinguish between recurrence and nonrecurrence as the recurrence definition becomes more restrictive. This is a very quantitative variable that does not distinguish between recurrence and nonrecurrence when the less restrictive definitions are used but yields the highest odds ratios in identifying recurrence when the more restrictive definitions of recurrence are considered (Table 10 ). This variable yielded a sensitivity/specificity of 86%/61% and 90%/63%, for the lost time and confirmed lost time definitions of recurrence, respectively, thus outperforming the less quantitative variables for the more restrictive definitions of recurrence.
Finally, the hypothesis is supported by the variable importance assigned by CART for each variable and shown in Figure 2 . The medical visit and pain reporting models relied heavily on the subjective measures of MVAS and SF-36pf, and had the highest variable importance scores for those definitions. However, when lost time models were considered, the quantitative measures of velocity and acceleration had the highest importance scores. Thus, as the definition of recurrence becomes more restrictive, the more the objective quantitative measures contribute to the model predictions.
It is important to note differences between these findings and some of the previous literature. Surprisingly, the univariate psychosocial factors were not predictive of recurrence, regardless of how it was defined, whereas much of the literature has reported a significant association between these factors and LBP. 29, 53, 54 This may emphasize that LBP recurrence should be considered as very different in nature from the initial LBP and influenced by very different factors.
The LBP recurrence rates found in this study are similar to some of those found in the literature as a function of the various definitions of recurrence. The most liberal definition, pain symptom recurrence, has been used frequently in the literature. In a cohort of 288 scaffolders, LBP recurrence rates were examined for 3 years, resulting in recurrence rates of 65%, 77%, and 64% in the 1-, 2-, and 3-year follow-up periods. 2 These rates of recurrence are slightly higher than the 58% recurrence rates found in the current study but might be due to the more homogeneous population. Kaaria et al 55 examined 902 workers in a metal corporation with follow-up evaluations at 5, 10, and 28 years, resulting in LBP recurrence rates of 75%, 73%, and 88%, respectively. Compared with the current study, Kaaria et al 55 found a 30% higher rate of recurrence at the 28-year follow-up, which may be due to the longer follow-up time. Salminen et al 56 examined teenagers with LBP symptoms, a 35% recurrent or continuous symptom rate was found at an 8-year follow-up. The low rate of recurrence in the Salminen et al study may be due to the study population. Thus, the LBP recurrence rates found in the literature are highly variable and may be dependent on the sample population as well as length of follow-up. However, our 58% pain symptom recurrence rate was generally comparable to previous reports. Medical visits, the second most liberal outcome measure of recurrence, have been cited much less frequently in the literature. Shekelle et al 57 examined medical records of 3105 adults during 3 to 5 years and found that 29% sought treatment for more than 1 episode of LBP (recurrent LBP). Thus, our 36% recurrence rate for medical visits was slightly greater than that reported in the literature.
The lost time recurrence rates reported here (15% and 10% for confirmed lost time) are also comparable with those found in the literature. Taimela et al 58 investigated a group of 125 occupational LBP patients and found that 11% reported having lost at least 1 day of work during a 2-year follow-up. MacDonald et al 7 investigated over 100,000 low back claims of workers compensation and found that 14% of claimants had file more that 1 LBP claim. These results facilitate our understanding of how rates of recurrence vary within an industrial population as the definition of recurrence changes.
These analyses may also provide insight into causality associated with recurrent LBP. Several points are noteworthy in this respect. First, perhaps the most useful point associated with recurrence prediction is the ability to define categories of variables that contribute to the prediction of recurrence. In these analyses, we included all categories of variables that might predict recurrent LBP based on the literature. As discussed earlier, different combinations of variables predict different definitions of recurrence. This confirms some previous contentions, [15] [16] [17] suggesting difficulty in interpreting much of the recurrence literature unless the definition of recurrence is clearly defined.
Second, we identified the specific categorical variables that produced the best models of recurrence. Our goal in model building was to produce models with the least number of variables but that distinguished best between recurrence and nonrecurrence. The nature of multivariate procedures (i.e., CART) is such that, even though 1 variable appears in the model, it represents other variables through their underlying intercorrelations. For example, although sagittal extension acceleration was chosen as a variable in the logistic regression model, other kinematic variables derived from this test may also be well correlated with the recurrence event; however, this variable is the one that best represents the combination of underlying variables associated with recurrence. Therefore, it is important to consider the categories of variables that best represent recurrence when exploring recurrence causality. With this understanding in mind, we observe that in the less restrictive definitions of recurrence all classes of categorical variables play a role. It is interesting to note that some of these variables, by themselves (e.g., psychosocial factors), do not play a role in identifying recurrence. However, when combined with other workplace, kinematic functional abilities, and perception of pain variables, they can identify pain reporting or visits to medical facilities well. Hence, pain reporting and experiencing symptoms severe enough to seek medical attention are influenced by a number of psychometric impairment and physical factors, supporting a biopsychophysical model of pain, whereas kinematic functional assessments played a major role along with perception in identifying lost time and confirmed lost time definitions of recurrence.
Third, the increasing importance of the kinematic functional assessments as a function of more restrictive definitions of recurrence (indicated by the generally increasing odds ratios) suggest a greater biomechanical role in the causality of more restrictive definitions of recurrence. While the workplace analyses indicated that most jobs to which workers returned would be classified as moderate risk, 43, 44 laboratory assessments of deficits in kinematic abilities have reported much greater spine loading of patients who had kinematic impairments compared with patients who possessed greater kinematic capacities. 59 Hence, collectively, these findings suggest that patients returning to the workplace with less kinematic capacity were experiencing greater spine loadings as they performed their regular jobs. This suggests caution in early return to work unless the patient's kinematic functional abilities are near-normal when they return to even moderately demanding jobs.
Several potential limitations must be considered to place this study in perspective. First, it must be reemphasized that this study focuses exclusively on LBP recurrence. These findings may have little relevance to the initial LBP report. Thus, although a large literature exists that indicates the importance of psychosocial factors in LBP development, they might not be as important, by themselves, for recurrence. Second, the workplace evaluations indicated that 58% of the jobs to which patients returned could be classified as moderate risk. A more uniform distribution of risk exposures might have yielded more of an impact of workplace physical variables. Third, the reduction in the number of patients associated with the different recurrence definitions may have been influenced by different policies among the various companies participating in this study. Some companies may encourage reporting or have liberal policies as to what is constitutes a lost day, whereas other companies may discourage reporting and not consistently identify lost days. Fourth, the overall sample size was modest and the duration of follow-up time was relatively short. A longer follow-up time as well as larger sample size may influence the recurrence rates as well as recurrence predictions. Finally, the issue of LBP reports being a new or recurrent episode is always a problem in these types of studies. However, the wording of our questionnaires was careful to distinguish between LBP recurrences versus a new LBP problem.
Conclusion
LBP recurrence rates vary dramatically depending on the definition of recurrence, with the most liberal definitions of recurrence yielding the highest rate of recurrence (58%). Excellent model predictions of recurrence (as defined by each definition) can be constructed provided that the models are multivariate in nature and contain various categories of assessments. Symptoms, the most liberal definition of LBP recurrence, can be predicted Figure 2 . Variable importance as determined by CART.
using combinations of variable from many categories of measures (e.g., personal, kinematic, psychosocial, job demands, etc.), whereas when the more restrictive measures of recurrence are evaluated, the models rely heavily on a combination of worker's perception of impairment response and quantitative descriptions of the kinematic capacity of the worker.
Key Points
• Four definitions of LBP recurrence in order from most liberal to most conservative were examined, including symptoms, medical visits, lost time, and confirmed lost time in the same industrial population.
• Low back pain recurrence rates at work vary dramatically, depending on the definition of recurrence, with symptoms the most liberal definition of recurrence yielding the highest rates of recurrence.
• Recurrent LBP symptoms can be predicted using combinations of variables from many categories of measures (e.g., personal, kinematic, psychosocial, job demands, etc.), whereas, when lost time the more restrictive measure of recurrence are evaluated, the models rely heavily on a combination of worker's perception of impairment response and 2 quantitative descriptions of the kinematic capacity of the worker.
• Low back pain recurrence models yielding the best sensitivity (80%) and specificity (80%) have been developed for the most restrictive definitions of recurrence (confirmed lost time).
